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EXECUTIVE SUMMARY
 
The waterfowl impoundment at DePue Wildlife Management Area (DWMA), located on the 
Illinois River floodplain near DePue, Illinois, was created as a retention basin for sediments 
dredged from Lake DePue. These sediments were contaminated with high concentrations of 
cadmium (Cd), zinc (Zn), and other elements as a result of nearby smelting operations. 
Concentrations of barium (Ba), Cd, lead (Pb), mercury (Rg) (liver only), selenium (Se), and Zn 
were examined in the kidneys and livers of small mammals collected at the contaminated 
impoundment and three nearby bottomland reference sites. The relative abundance, 
demographics, litter size, reproductive activity, and physical condition and somatic indices (i.e., 
relative organ weights) of the white-footed mouse (Peromyscus leucopus) were also compared 
among sites. The objectives were to: 1) examine if concentrations of selected elements in the 
tissues of small mammals inhabiting DWMA were elevated relative to those collected at reference 
sites, 2) compare concentrations of selected elements in the tissues of small mammals from 
DWMA with critical levels observed in previous studies, and 3) compare the abundance, 
demographics, reproduction, and health indices of white-footed mice from DWMA with those 
collected at reference sites. 
A total of 425 small mammals, primarily white-footed mice (Peromyscus leucopus, n= 365), 
and meadow or prairie voles (Microtus pennsylvanicus and M ochrogaster, respectively, n= 46), 
were captured during September of 1998 and 1999. Necropsies were performed on each specimen 
and livers and kidneys were collected from a subsample of specimens for determination of Ba, Cd, 
Cu, Pb, Se, and Zn concentrations using Inductively Coupled Plasma Mass Spectroscopy. Hg 
concentrations in liver tissue were determined using Cold Vapor Atomic Fluorescence 
Spectrometry. 
The white-footed mouse was the most abundant species captured at all sites and in both years. 
We did not detect differences in abundance, demographics, or reproductive activity among sites in 
this species that might be suggestive of population-level effects of contaminant exposure at 
DWMA. Adult male mice from DWMA and the adjacent floodplain reference site were in better 
physical condition (i.e., had higher body weight/body length index) than those from another 
bottomland area. Although somatic indices (organ weights as a proportion of body weight) were 
highly variable and we did not detect a statistically significant difference among sites, relative 
liver and kidney weights were lowest in both sexes from the two areas characterized by elevated 
concentrations of contaminants (DWMA and adjacent floodplain). 
Small mammals inhabiting the waterfowl impoundment at DWMA experienced greater 
exposure to Cd, Pb, Se, and possibly Hg (shrews) than those from the reference sites. Mean 
and/or maximum concentrations of Cd and Se in the tissues of small mammals from DWMA 
exceeded critical concentrations observed in experimental studies of laboratory mice and rats. 
The significance of the tissue Cd and Se concentrations we observed to the health and productivity 
of small mammals at DWMA are unclear as wild ro'dents may be less susceptible to detrimental 
effects of contaminant exposure than laboratory mice (Sawicka-Kapusta and Zakrzewska, 1994). 
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With few exceptions tissue Pb concentrations were below published effects levels.
 
Concentrations of Ba, Cu, Hg, and Zn in tissues of mice and voles did not vary appreciably among
 
sites.
 
Concentrations of Cd, Pb, and Se in the tissues of voles were higher, and Hg was lower, than 
those observed in white-footed mice. Concentrations of Cd, Pb, Hg, and Se in the tissues of a 
short-tailed shrew collected at DWMA were much greater than those observed in the rodents 
(with the exception of Se in kidneys of voles) and in shrews from other sites. Higher 
concentrations of elements of concern in short-tailed shrews than in rodents is consistent with 
their insectivorous diet. The greater exposure of voles (herbivores which consume primarily 
vegetative portion of plants to Cd, Pb, and Se than white-footed mice (omnivores consuming 
invertebrates, seeds, some vegetation) suggests that voles inhabiting DWMA may be exposed to 
these elements by consumption of 1) contaminant-laden dust on the surface of vegetation and/or 
2) plants which hyperaccumulate these elements; greater exposure of white-footed mice to Hg 
likely indicates food-chain transfer of this element. Small mammals inhabiting the neighboring 
floodplain (LFP) had greater exposure to Cd, and possibly Se and Pb (kidneys of voles and 
shrews) than those from the two more-distant reference sites. 
Although small mammals inhabiting the waterfowl impoundment at DWMA experienced 
greater exposure to Cd, Pb, and Se than those from the reference sites, we did not detect dramatic 
differences in population parameters in white-footed mice to suggest that this population is at risk 
from increased exposure to contaminants. A more definitive examination of population-level 
effects would require a more detailed study of population levels, productivity, and survival. 
However, a comparison of abundance, demographics, and reproduction based on a sample of 
specimens is useful in providing a course-level examination of critical population parameters. 
Patterns of change in a suite of such parameters could signal disruption of normal population-level 
processes and the need for further investigation. 
INTRODUCTION 
Gibb and Cartwright (1982) and Cahill and Steele (1986) reported elevated concentrations of 
Cd and Zn, along with other metals, in the sediments of Lake DePue as a result of past smelting 
operations (Fig. 1). Lake DePue is a backwater lake located along the Illinois River near the town 
of DePue, Illinois. Sediments dredged from the lake in 1982 were deposited into a leveed 
impoundment located on the floodplain next to the lake. Subsequently this impoundment was 
modified into a managed wetland and became the DePue Wildlife Management Area of the Lake 
DePue State Fish and Wildlife Area. Ba, Cd, Pb, and Zn concentrations were elevated in a soil 
core taken from within the waterfowl impoundment, when compared with a core collected 
adjacent to it (Illinois Waste Management and Research Center, unpubl. data). Cahill et al. (1995) 
observed greatly elevated concentrations of Cd (26 to 173 ppm) and Zn (3,130 to 11,500. ppm) in 
the top soil horizon (0-15 cm) of the impoundment, which was originally constructed to contain 
sediments dredged from Lake DePue. Cu (91 to 535 ppm) and Pb (150 to 1,900 ppm) 
2 
concentrations at DePue Wildlife Management Area were similar to the neighboring floodplain, 
and both were higher than background levels for Illinois soils (Cahill et al. 1995). Mercury (Hg) 
and selenium (Se) concentrations were also elevated in the waterfowl impoundment (Talbott et al. 
in prep). 
Currently, the impoundment at DePue Wildlife Management Area (DWMA) is managed to 
provide sanctuary and predictable food resources for migrating waterfowl. Limited public 
waterfowl hunting opportunities are available on the area. When conditions allow, approximately 
32 ha of the 37.4 ha wetland are cultivated and planted to agricultural crops, primarily com (Zea 
mays). Annual, seed-bearing moist-soil plants are abundant in non-cultivated portions of the area, 
and are found throughout the impoundment in years when flooding during the growing season 
precludes cultivation. The impoundment is flooded in October using water pumped from the 
Illinois River, and water levels are maintained throughout the fall migrational period. 
As a group, small mammals are important ecosystem components, occupying a variety of 
niches across several trophic levels. They play an important role in nutrient cycling, may 
influence local invertebrate prey and plant communities, and are prey for a variety of vertebrate 
predators and carrion for a myriad of invertebrate consumers. Talmage and Walton (1991) 
suggested that small mammals are effective biomonitors, given their abundance, widespread 
distribution, short migration/dispersal distances, generalized food habits, short life span, high 
reproductive rate, and susceptibility to capture. 
Elevated Cd and/or Pb concentrations have been documented in tissues of small mammals 
collected at or near contaminated sites such as refineries, smelters, mining spoil, and areas treated 
with sewage-sludge (e.g., Johnson et al. 1978; Anderson et al. 1982; Anthony and Kozlowski 
1982; Andrews et al. 1984; Hunter et al. 1987; Cooke et al. 1990; Ma et al. 1991; Beyer and 
Storm 1995). Cd exposure in small mammals has been demonstrated to produce kidney and liver 
damage (Aughey et aI., 1984; Cooke and Johnson 1996), reduced hematocrit and hemoglobin 
levels and alteration of blood chemistries (Siewicki et al. 1983), immunosuppression (Koller et 
aI., 1975), reduced milk production (Bhattacharyya 1983), and reduced weight gain and survival 
of offspring (Baranski 1985; Sawicka-Kapusta and Zakrzewska 1994). According to Cooke and 
Johnson (1996), few field studies have examined the relationship between tissue Cd levels and 
e(fects at the individual or populational levels. The clinical effects of Pb exposure in mammals 
have been well documented, and impaired reproduction resulting from chronic exposure has been 
reported (Pain 1995; Ma 1996). 
Tissues of bird and mammals are considered poor indicators of Zn exposure, given the ability 
of higher vertebrates to effectively regulate Zn levels. However, exposure to levels exceeding the 
capacity of physiological mechanisms to compensate can result in elevated tissue concentrations 
and produce a variety of toxicological effects (Eisler 1997). Effects of elevated Zn concentrations 
on populations of wild mammal species are not known. However, high Zn concentrations have 
been associated with poor reproduction (Pisa and Cibulka 1989) and reduced milk production 
(Allen 1968) in cattle, and impaired reproduction, testicular damage, and fetal mortality ~n rats 
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(see Eisler 1997; Underwood 1971). 
Given the importance of small mammals as ecosystem components and their effectiveness as 
biomonitors, coupled with elevated concentrations of metals and other elements within the 
waterfowl impoundment at DWMA, we examined tissue contaminant concentrations, abundance, 
demographics, productivity (i.e., litter size), reproductive activity, and indices of health in small 
mammals inhabiting the area. Our objectives were to: 1) examine whether concentrations of 
selected elements were elevated in the tissues of small mammals inhabiting DWMA, relative to 
those from nearby bottomland reference sites, 2) compare levels of selected elements in the tissues 
of small mammals from DWMA with effects levels reported in previous studies, 3) compare the 
abundance, demographics, reproduction, and health indices of white-footed mice from DWMA 
with those collected at the reference sites. 
METHODS AND MATERIALS 
Traplines consisting of 50 Museum Special snap-traps and 50 aluminum Sherman live-traps 
were located along transects within the dredge-spoils impoundment at DWMA and at 3 
bottomland reference sites during 24-27 September 1998 and 27-30 September 1999 (Fig. 1). The 
same number of traps and ratio of live traps to snap traps were used on each trapline to replicate 
the amount of effort used. Snap traps were baited with rolled oats moistened with deionized 
water, and live traps were baited with sunflower seeds (all from the same source). Traplines were 
placed in the same location in both years, and traps were situated so as to increase the probability 
ofcapture (i.e., in or near heavy cover, brush, logs, etc.). Specimens were handled with clean 
latex gloves or the interior of clean plastic baggies, and live specimens were euthanized by 
cervical dislocation. Specimens were placed in uniquely numbered clean baggies before being 
placed on wet ice. An animal-use protocol (N8C085) for this project was approved by the 
University of Illinois Laboratory Animal Care Advisory Committee. 
Necropsies were performed using a clean pair of powder-free latex gloves. Scissors and 
forceps were cleaned using critical cleaning solution, tap water, and deionized water washes 
between specimens. Specimens were identified to species, classified by sex and age Guveniles, 
subadults, or adults based on pelage, size, and reproductive status), measured (total, body, tail, 
and hind foot length) to the nearest 1.0 mm using a plastic ruler, and weighed to the nearest 1.0 g 
using a spring scale. Internal organs were placed in clean weighing boats and weighed to t1)e 
nearest 0.01 g using a portable electronic balance. Liver and kidneys were placed in sterile Whirl­
Paks, and frozen until digestion. Reproductive data included testes weight for males, number, 
crown-rump length, and weight of embryos, number of placental scars, and the' number of litters 
(presence of embryos and comparative condition of placental scars) for females. 
In 1998, concentrations of Ba, Cd, eu, Pb, Se, and Zn were determined in 10 composite kidney 
and liver samples from white-footed mice from each site, using Inductively Coupled Plasma Mass 
Spectroscopy (ICP-MS). Each composite sample consisted of organs from three adult individuals 
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of the same species captured at the same or adjacent trap stations. In some cases older subadult 
mice (i.e. adult size and attaining adult pelage) were substituted due to lack of sufficient number 
of adults from that immediate area. 
In 1999, individual kidney and liver samples from adult white-footed mice from each site were 
analyzed for Cd, Cu, Pb, Se, and Zn by ICP-MS. In addition, liver samples were analyzed for Hg 
using Cold Vapor Atomic Fluorescence Spectrometry (CVAFS). Ba was dropped from the 
analyte list in 1999, after analyses of 1998 data indicated that there was no increased accumulation 
of this element in tissues from specimens collected at DWMA. Tissue samples from a limited 
number of voles (Microtus ochrogaster andpennsylvanicus) and short-tailed shrews (Blarina 
brevicauda) were also analyzed. 
Two soil samples were collected at each of the reference sites to determine if metals and other 
elements of interest might be elevated at these sites. Soil samples were collected with a clean 
stainless steel trowel and consisted of approximately the top 5 cm of the soil profile. Soil was 
analyzed for Cd, Cu, Pb, Se, and Zn using ICP-MS, and Hg by CVAFS. 
Normality of data was assessed using the Kolmogorov-Smimov statistic and visual 
examination of frequency distributions, and equality of variances was evaluated using Levene's 
test. Relative organ weights were arcsin-transformed to improve data distributions prior to 
statistical analysis. In addition, concentrations of Cd and Pb in kidney tissue, and Cd, Pb, and Se 
in liver tissue, of white-footed mice from 1998 were log-transformed prior to statistical analysis; 
kidney Se was transformed in the 1999 sample. Analyte concentrations below the Method 
Detection Limit were entered as one-half of that value. Tissue concentrations were on a wet 
weight basis unless otherwise indicated; for some comparisons with published information we 
converted our data to dry weight, based on a wet/dry ratio of 2.283 for kidneys and 2.967 for 
livers (J. Levengood, unpublished data). Group means were compared using an, independent 
samples t-test or one-, two-, or three-way Analysis of Variance with Bonferroni multiple 
comparisons post hoc testing, using the UNINOVA and T-TEST procedures of SPSS (SPSS Inc., 
2000). Contingency table testing (Fisher's Exact Test) of age classes by location was conducted 
using the CROSSTABS procedure (SPSS Inc., 2000). 
An index of body condition was calculated as body weight / total length for adults and the 
average weight of embryos in utero / crown-rump length for embryos. Body weight in pregnant 
females was corrected for embryo weight. Somatic organ indices were calculated as the percent 
of total body weight represented by that organ. 
Tissue Preparation and Analysis 
Small mammal tissue samples were labeled by tissue type and specimen number and stored at ­
10° C . The collection histories of the small mammals were not known to the analysts. Liver and 
kidney samples were digested with H20 2 and strong acids for subsequent measurements for metals 
using ICP-MS. Since wet weight concentrations of the organs were desired, these samples were 
not dried prior to digestion. Sample weights of approximately 1.0 g were used for digestions for 
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animals collected in 1998. Composite samples consisting of liver and kidneys from three animals 
were used to increase the volume of useable tissue. Tissue from individuals were used in 1999 as 
it was determined that satisfactory detection limits were possible with smaller amounts of tissue. 
These weights averaged 1.0 g for livers and 0.2 g for kidneys. A mixed portion of the sample was 
weighed to 0.1 mg using an electronic top-loading balance directly into a tared 50 mL conical­
tipped polypropylene centrifuge tube. The tubes were pre-cleaned using a 24 hour 10% RN03 
soak followed by a deionized water rinse. The samples and tubes were tared, 1.00 mL ofH20 2 
was added, and the weights were recorded. Approximately 20-30 mL of an acid and internal 
standards solution were then added to the sample after taring. The acid concentrations were 2% 
RN03 and 10% HCl. The internal standards were beryllium and yttrium at concentrations that 
were targeted at 2.00 mg/L and 100Jlg/L, respectively. 
The samples were then homogenized into a slurry using a saw-toothed generator manufactured 
with titanium and TFE-fluorocarbon (Pro Scientific, Monroe, CT). The internal standard solution 
was used to rinse excess materials from the generator and the amount accounted for in the total 
weight. Sample preparations were completed using a SpectroPrep System automated microwave 
digestion system (CEM Corporation, Matthews, NC) and a 10 mL sample loop. After heating, 
cooling, and filtering, about 9.0 mL of the sample was collected and deposited by autosampler 
into 15 mL polypropylene test tubes. This digestate was then used for ICP-MS analysis without 
any further treatment. High purity acids and hydrogen peroxide (Fisher Optima brands and Baker 
Ultrex) were used for all digestions and standard solutions. 
Analyses of elements in tissues were conducted at the Illinois Waste Management and 
Research Center using ICP-MS (Perkin/Elmer Elan 5000, Norwalk, CT) using scandium, 
rhodium, and thorium internal standardization. Liver mercury concentrations (1999 sample) were 
determined by cold vapor atomic fluorescence (Millennium Merlin, PS Analytical, Kent, 
England). 
Quality control samples included digested duplicates and matrix spikes, as well as laboratory 
field and reagent blanks. Additional quality control samples included certified reference materials 
(bovine liver SRM1577b, and dogfish muscle DORM-2) which were digested and analyzed along 
with the 1999 tissue samples. 
RESULTS 
Detection Limits and Quality Control 
Matrix and analytical spikes recovered well (100 ± 20%) for all analytes. Analysis of digested 
and analytical duplicates indicated good to excellent precision (0-20% Relative Percent 
Difference) for most analyte/tissue combinations, with the following exceptions. Reproducibility 
was poor for Ba (5<= 49% RPD), Cd (marginally poor in three samples, 23 to 36%), and Pb (x= 
35%) in several of the digested duplicate pairs of 1998 liver samples, Hg in two of three digested 
duplicate pairs in the 1999 liver samples (5<= 43%), and all analytes in one digested kidney 
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duplicate pair in 1999 (45 to 111 %). Based on the analysis of Bovine Liver Standard Reference 
Material (SRM) in 1999, Cu (13-15%) and Zn (10-15%) may be biased slightly low, and Pb (13­
16%) and Se (3-10%) biased slightly high, in the small mammal liver samples. Zn (34-38%) and 
Hg (4-14%) recovered low, and Se recovered high (7-11 %), in the Dogfish Muscle SRM, 
indicating potential bias in the values for these analytes in kidney tissue. The Method Detection 
Limit was 0.2 J.lg/g for Cu, Se, and Zn, 0.02 J.lg/g for Cd and Pb, and 0.002 J.lg/g for Hg. 
Soil 
Ba, Cd, Cu, Hg, Pb, Se, and Zn concentrations in soil were greatly elevated at DWMA relative 
to the three reference sites (Table 1). Ba, Cd, Hg, Se, and Zn concentrations were not elevated at 
LFP relative to the other reference sites. Cu and Pb concentrations in soil at LFP as reported by 
Talbott et al. (in prep) and observed in this study were similar to soil samples from DON (Table 
1). However, the Illinois Waste Management and Research Center (unpublished data) and Cahill 
et al. (1995) reported larger soil eu and Pb concentrations at LFP than observed in those studies. 
Surface soil at DWMA contained as high as 22 mg/kg Hg and 21 mg/kg Se (Talbott et al. in 
prep); Hg and Se values for surface soils from the reference sites were low by comparison (Table 
1). 
White-footed Mouse (Peromyscus leucopus) Abundance, Demographics, and Reproduction. 
The white-footed mouse, Peromyscus leucopus, was the most abundant species at all sites 
during 1998 and 1999 (Table 2). The number of captured white-footed mice was similar among 
sites and between years, with the exception of 1999 when numbers were much higher at LFP. 
Species diversity was highest and mouse abundance was lowest at DON. 
The apportionment of mice across the three relative age classes differed among sites in 1998 
(Table 3).· A low percentage of the mice collected at DWMA, LFP, and DON were juveniles, 
whereas nearly one-third of those collected at HL were in this age class. The percentage of 
subadults did not differ dramatically among sites, while a lower proportion of the mice collected 
at HL were adults, when compared with the other sites. The proportion of mice in each age class 
was similar among sites in 1999 (Table 3). Juveniles represented a much higher proportion of 
mice captured at DWMA in 1999 than in 1998. 
Mean litter size based on number of embryos and placental scars, which ranged from 5.5 
embryos/scars per female at DON (n= 22) to 6.1 embryos/scars per female at LFP (n= 28), did not 
differ significantly between years (P= 0.96) or among sites (P= 0.52). DON was characterized by 
the largest percentage of nulliparous adult females (13%), when compared with LFP (4%), HL 
(0%), and DWMA (0%). 
Testes weight expressed as a proportion of body weight differed among age classes, thus we 
included only adult male mice in subsequent analyses. Mean relative testes weight did not differ 
by year (P= 0.08), thus years were combined. Mean relative testes weight differed among sites, 
and was lower at DON than the other three sites (Table 4); testes weight did not differ 
significantly among mice from the other sites. The percentage of non-scrotal adult males was 
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largest at DON (24%), when compared with HL (11 %), LFP (0%), and DWMA (0%). Mean 
weight of seminal vesicles in adult male mice differed among sites (P= 0.01) and was lower in 
those collected at DON (5<= 0.41 g, n= 30) than in mice from HL (5<= 0.67 g, n= 28); seminal 
vesicles in mice from DWMA (5<= 0.54, n= 36) and LFP (5<= 0.56, n= 60) were intermediate in 
size by comparison, and did not differ significantly from mice collected at those sites. 
Physical Condition and Somatic Indices in White-Footed Mice 
The mean physical condition index for adult mice differed between 1998 and 1999 (P< 0.001) 
and males and females (P=0.002), thus year and gender were considered separately. The 
condition indices differed significantly by location only in males in 1998 (Table 5), with the mean 
index lower in male mice from DON than in those from LFP and DWMA. Mean embryo weight 
expressed as a function of crown-rump length did not differ between years (P= 0.45), so years 
were subsequently combined. We did not detect a significant difference in relative embryo weight 
among sites (Table 6). 
Relative kidney weight did not differ by year (P= 0.83), thus years were combined in 
subsequent analyses. We removed age effects (P= 0.03) by excluding juveniles. The sexes 
differed (P= 0.01), so males and females were considered separately. There were no age or year 
effects for relative liver weight (age, P= 0.67; year, P= 0.18). Mean relative liver weight did 
differ by gender (P= 0.001), thus sexes were considered separately. 
Mean somatic indices (i.e., relative kidney and liver weights) differed among sites in both 
sexes (Table 7). Kidney weight represented a similar proportion of body weight in mice from 
DWMA, LFP, and DON. Liver weight expressed as a proportion of body weight was similar in 
males from DWMA and LFP, and in females from DWMA, LFP, and DON (Table 7). 
Co~centrations of Selected Elements in Tissues of White-footed Mice 
We did not detect statistically significant differences (P> 0.05) in mean tissue analyte 
concentrations between sexes, thus the males and females were combined for analyses of these 
variables. Mean tissue metal and selenium concentrations did not differ between years (P= 0.16 
to 0.85); consequently samples from both years were combined. Ba and Hg concentrations were 
each only measured in one of the two years. 
Barium (Ba) 
Ba concentrations in tissues of white-footed mice did not differ significantly among sites 
(Table 8). 
Cadmium (Cd) 
Mean kidney and liver Cd concentrations differed significantly among sites (Table 8); mean 
and maximum Cd concentrations were largest in tissues of mice from DWMA. Although the 
mean concentration of Cd in kidneys of mice from LFP was 2.6 times greater than in those 
collected at DON, Cd concentrations were highly variable and this difference was not statistically 
significant. 
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Copper (Cu) 
Mean concentrations of Cu in kidney and liver tissue differed among sites (Table 8); mice 
from LFP and DON had similar concentrations ofCu in renal tissue, as did DWMA, LFP, and 
HL. The mean hepatic Cu concentration in mice from DWMA was greater than in those from HL 
and DON, but was not significantly different from that observed in mice from LFP (Table 8). Cu 
concentrations in mice from LFP were, on average, similar to those from DON. 
Lead (Ph) 
Mean renal and hepatic Pb concentrations differed significantly among sites (Table 8); mean 
and maximum tissue Pb concentrations were highest in mice from DWMA. Concentrations 
observed in tissues of mice from LFP were similar to one or more of the other reference sites 
(Table 8). 
Mercury (Hg) 
Mean Hg concentrations in the livers of mice did not differ among sites (Table 8). 
Selenium (Se) 
Mean renal and hepatic Se concentrations differed significantly among sites (Table 8)~ Liver 
and kidney Se concentrations were significantly greater, on average, at DWMA that at the 
reference sites. Concentrations observed in tissues of mice from LFP were similar to one or more 
of the other reference sites (Table 8). 
Zinc (Zn) 
Mean Zn concentrations in mouse kidneys did not vary significantly among sites (Table 8). 
Hepatic Zn concentrations in mice collected at DWMA were similar to those from LFP, but were 
greater, on average, than those from the other reference sites. 
Concentrations of Selected Elements in Tissues of Voles (Microtus pennsylvanicus & 
ochrogaster) and Short-tailed Shrews (Blarina brevicauda) 
Concentrations of Cd, Pb, and Se were substantially (~ 100%) greater, on average, in the 
kidneys and livers of voles collected at DWMA than in those from LFP and DON (Table 9). 
However, mean and maximum concentrations ofCu, Hg (liver), and Zn (kidneys) in voles from 
DWMA were lower than in those from one or both reference sites. Concentrations of Cd, Hg, Pb 
(kidneys), Se (kidneys), and Zn were notably (>25%) greater in voles from LFP, as compared with 
those from DON (Table 8). 
Although few shrews were available for analysis, concentrations of Cd, Hg, Pb (liver), and Se 
(liver) were considerably greater in the specimen from DWMA than the other sites (Table 10). 
Cd, Hg, Pb, and Se concentrations were substantially higher in shrews from LFP than the 
specimen from DON. 
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Concentrations of Selected Elements in Tissues of White-Footed Mice 
Cadmium (Cd) 
Tissue Cd concentrations were considerably higher in white-footed mice from DWMA than the 
reference sites, which reflects the higher concentrations of this metal in soils at that site. White­
footed mice are primarily seed-eaters, and Levengood and Skowron (2000) reported that Cd 
concentrations in the seeds of plants from DWMA were elevated when compared with a reference 
site (which had lower Cd and Zn concentrations in soil than reference sites in the current study). 
This omnivorous species will also utilize invertebrate prey when abundant (Batzli, 1977). 
Grasshoppers and crickets provide an abundant food source at DWMA during the late-summer 
period (J. Levengood, personal observation). Cd concentrations were measurable in a small 
sample of grasshoppers (5<= 2.5 f.lg/g, n= 3 composite samples) and crickets (3.8 f.lg/g, n= 1 
composite sample) collected at DWMA. Thus, white-footed mice at DWMA, and to a lesser 
degree LFP, may have been exposed to Cd in food items as well as via contact with soil. 
Cd concentrations in tissues of mice from DWMA were for the most part similar to those 
reported in this or comparable species from other contaminated sites, particularly those with 
sbnilar environmental Cd levels (Table 11). The geometric mean Cd concentrations in kidneys of 
white-footed mice collected at DWMA in both years (4.80 and 4.46 f.lg/g dry weight basis) were 
considerably higher than in deer mice (Peromyscus maniculatus) inhabiting contaminated salt 
marsh habitats (geometric means 0.4 to 2.11 ppm dry wt; Clark et al. 1992). However, deer mice 
in that study were considered to be healthy and reproducing at normal rates. Concentrations of 
Cd in tissues of mice from reference sites along the Illinois River were similar to those reported in 
mice from contaminated areas in several studies (e.g., Cooke et al. 1990; Laurinolli and Bendell­
Young 1996; Pascoe et al. 1994). 
Mean and maximum Cd concentrations in tissues of mice from DWMA were generally lower 
than effects levels reported in other studies we reviewed, the exceptions being three studies 
involving laboratory mice or rats (Table 12). Sawicka-Kaputsa and Zakrzewska (1994) suggested 
that the greater genetic variability of wild rodents may confer resistance to the effects of 
contaminant exposure, when compared with laboratory mice. Consequently, the significance of 
the concentrations of Cd observed in tissues of mice in this study are unclear. 
Lead (Ph) 
Renal and hepatic Pb concentrations were significantly higher in white-footed mice from 
DWMA than in mice from the reference sites. Pb concentrations were not elevated in the seeds of 
plants growing at DWMA, compared with those from a reference site (Levengood and Skowron, 
2000). Pb concentrations were measurable in the soft parts of grasshoppers (5<= 4.4 f.lg/g, n= 3 
composite samples) and crickets (4.8 f.lg/g, n= 1 composite sample) collected at DWMA. Thus, 
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consumption of invertebrates may have played a more important role than seeds in the increased 
exposure of white-footed mice to Pb at DWMA. 
Concentrations ofPb in tissues of mice from DWMA were lower than reported for mice from 
contaminated sites (Table 11). In a review of the literature on Pb in the environment, Pain (1995) 
concluded that background hepatic Pb concentrations in wild vertebrates were usually less than 10 
ppm, and often less than 5 ppm, dry wt. Concentrations ofPb in the livers of white-footed mice 
from DWMA were all below 5 ppm dry wt (maximum 2.98 flg/g dry wt conversion). Mean and 
maximum concentrations were considerably lower in our study than in deer mice collected 200 
meters from a battery Pb reclamation plant, in spite of the lower soil concentrations observed in 
that previous study. This suggests that Pb may be less bioavailable at DWMA by comparison. 
Lead concentrations in the tissue of mice from LFP were also substantially lower than in these 
studies (Tables 8, 11). 
Pb concentrations in mouse tissues were considerably lower than those associated with 
pathological effects in previous studies, except that our highest values for liver and kidneys 
exceeded the means reported in one study (Table 12). Geometric mean Pb concentrations in 
kidneys (1.05/1.33 flg/g dry weight conversion, 1998 and 1999, respectively) of white-footed mice 
collected at DWMA were within the range of values for deer mice inhabiting contaminated salt 
marsh habitats (geometric means 0.6 to 1.92 ppm dry wt; Clark et aI., 1992). Deer mice in that 
study were considered to be healthy and reproducing at normal rates. Genetic damage was 
detected in white-footed mice having a mean Pb concentration of 0.829 flg/g (0.002 to 4.95 flg/g) 
in their livers (Tull-Singleton et aI., 1994). Although the hepatic Pb concentration of one white­
footed mouse specimen in our study exceeded this value (0.85), exposure to chromium and 
hydrocarbon compounds may have also contributed to the genotoxic effects observed in that 
study. 
Selenium (Se) 
White-footed mice from DWMA had greater exposure to Se than those collected at the 
reference sites, as well as deer mice inhabiting contaminated salt marsh habitats (Table 11). 
However, mice in that previous study were considered to be healthy and reproducing at normal 
rates. Tissue Se concentrations in the livers of white-footed mice from DWMA were lower, on 
average, than in mice inhabiting Se-contaminated wetlands, although the ranges overlapped to a 
large degree. The author of that study concluded that Se was not having adverse impacts on small 
mammals at that site. Mean and/or maximum concentrations of selenium in the liver of mice from 
DWMA were greater than those associated with health effects in laboratory studies using 
domestic rats and mice (Table 13). 
Other Elements 
Tissue Ba concentrations in white-footed mice from DWMA were either similar to, or lower 
than, those observed in mice from the reference sites. Ba is poorly absorbed from the diet, and 
excess Ba is readily excreted (Underwood, 1971). Thus, it seems that the Ba in soils at DWMA 
was either not readily bioavailable or was not retained in tissues of white-footed mice at DWMA. 
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Concentrations of Cu and Zn in tissues of white-footed mice did not differ appreciably among 
sites. Although statistically significant differences in concentrations were detected in some 
instances, we do not consider the magnitude of these differences important in these essential and 
ubiquitous elements. 
After reviewing the available information on Hg in terrestrial mammals, Thompson (1996:351) 
concluded that liver or kidney concentrations of 30 mg/kg wet wt or greater were "lethal or at 
least harmful" to wild mammals. Concentrations of 25 mg/kg wet wt or greater were associated 
with mortality in laboratory studies. The concentrations we observed in tissues of mice did not 
approach such levels, and were well below those associated with Hg intoxication in mink (see 
Wren, 1986; Wren et al. 1995; Thompson, 1996), a species that is highly sensitive to Hg 
exposure. 
Species Abundance and Diversity 
The white-footed mouse (Peromyscus leucopus) was the most abundant small mammal present 
at all sites and in both years, presumably due to the availability of shrubby/wooded cover which it 
prefers, its generalized habits, and its arboreal nature which allow it to thrive in periodically 
flooded environments (Batzli 1977). With one exception the relative abundance of mice was 
quite similar among sites and between years. It is unknown whether the much greater abundance 
of mice on the floodplain adjacent to DWMA in 1999 represents increased productivity (e.g., due 
to increased food resources due to cropping regimes, etc.) or increased survival (e.g., differences 
in the magnitude and duration of flooding. The greater abundance of less arboreal species 
(especially voles, Microtus spp. and house mice, Mus musculus) present at DON may have been 
related to the closer proximity of source populations which occupied suitable non-flooded habitat 
(i.e., grassland/oldfield) at that site. 
Productivity and Reproductive Activity 
Comparisons of population and reproductive parameters did not indicate that mice inhabiting 
DWMA were reproducing at lower levels than mice in surrounding areas. In fact, measures of 
productivity and reproductive activity in mice were consistently lowest at DON. Although we did 
not measure resource availability, lower population levels, poorer physical condition of males, and 
lower percentage of non-adults (1998), coupled with lower contaminant exposure, of mice at 
DON suggests that this site may have been of lower quality for small mammals. 
Physical Condition and Somatic Indices in White-Footed Mice 
The ratio of body weight to a skeletal measurement is often used as a measure of physical 
condition. Animals with greater nutrient reserves (greater ratio of weight to skeletal length) 
presumably have a greater ability to respond successfully to stressors, and chronic exposure to 
elevated concentrations of metals may result in reduced growth rates or loss of body weight (e.g. 
Mahaffey et al. 1981; Toews et al. 1983; Rossman 1996). We failed to detect a pattern of 
differences in indices of physical condition in embryos or adults among sites that might suggest 
the presence of contaminant-related effects on growth and maintenance. 
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Depending on the nature of exposure, organ weights in mammals may increase or decrease in 
response to exposure to contaminants (Mahaffey et al. 1981; Bankowska and Hine 1985; Hsieh et 
al. 1989; Poul 1991; Smits et al. 1995; Institoris et al. 1999a,b). Although somatic indices (organ 
weights expressed as a proportion of body weight) were highly variable and we did not detect a 
statistically significant difference among sites, both relative liver and kidney weights were lowest 
in males and females from the two areas characterized by elevated concentrations of contaminants 
(LFP and DWMA). This could suggest that mice inhabiting these sites were experiencing 
sublethal effects of contaminant exposure. Lack of an age-related effect on relative liver weights 
suggests that whatever factor(s) is(are) influencing the size of these organs is asserting its effect 
over the life of the organism, whether through continued exposure or in utero developmental 
effects. Further investigation (e.g., histopathological examination of major organs) of this 
phenomena at DWMA appears warranted. 
Concentrations of Selected Elements in Tissues of PrairielMeadow Voles 
Talmage and Walton (1991) suggested that omnivorous small mammals (e.g., white-footed 
mice) are better biomonitors of soil-absorbed heavy metals than herbivorous species (e.g., 
grassland voles) due to their consumption of invertebrates which may accumulate high 
concentrations of contaminants. However, these authors indicated that voles would be effective 
biomonitors where there was aerosol deposition of heavy metals onto vegetation. Deposition of 
contaminant-laden dust (soil) onto vegetation may explain the higher concentrations of tissue Cd, 
Pb, and Se in voles than in white-footed mice collected at DWMA, as well as at LFP, which is 
directly adjacent and downwind (i.e. lies to the E/NE of DWMA, with prevailing winds NW or 
SW) of DWMA. Concentrations ofHg were higher in livers of white-footed mice than in voles, 
suggesting that food chain transfer may have been a more important route of exposure for this 
element. 
Concentrations of Cd in tissues of voles collected at DMWA were higher than reported for 
similar species from other contaminated areas (Table 13). Mean and/or maximum values we 
observed were higher than effects levels reported in several studies using laboratory rats or mice 
(Table 13). Sawicka-Kapusta and Zakrzewska (1994) reported lower mortality (Cd and Pb) and 
increased Cd accumulation in the young of voles than in lab mice whose mothers had been fed Cd 
or Pb. Thus, lower effects thresholds for heavy metal exposure based on experiments with 
laboratory rats and mice may be conservative when applied to wild rodents. 
Renal Pb concentrations in voles from DWMA were similar to those reported for voles from 
contaminated sites in other studies (Table 13). However, hepatic Pb concentrations were lower 
than in those previous studies. The lower liver:kidney Pb ratios suggests that voles at DWMA 
were experiencing a more-chronic exposure to this toxic element. The mean concentration of Pb 
in tissues of voles in our study were generally lower than effects levels observed in other studies, 
although the maximum kidney concentration we observed approached or exceeded reported 
means in several studies (Table 12). 
Voles collected at DWMA had greater exposure to Se than those inhabiting the other sites 
sampled in this study, as well as voles from salt marsh habitats along the contaminated San 
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Francisco Bay (Table 13). However, the tissue Se concentrations were observed were lower than 
voles (M. Californicus) from Kesterson Reservoir, an area contaminated with See The 
investigator in that study determined that voles and other small mammals were not adversely 
impacted by Se exposure at that site. Mean and/or maximum concentrations of Se in livers of 
voles from DWMA exceeded those associated with health effects in laboratory studies (Table 12). 
Concentrations of Selected Elements in Tissues of Short-tailed Shrews 
Although few short-tailed shrews were collected in this study, tissue concentrations of Cd, Pb, 
Hg, and Se in one short-tailed shrew from DWMA were considerably higher than those in shrews 
collected from other sites. With the exception of Se in the kidneys of voles, concentrations of 
these elements also were substantially greater in shrews than in rodents. This finding agrees with 
Talmage and Walton (1991), who suggested that insectivores make good sentinels due to their 
diet which includes earthworms, beetles, spiders and other invertebrates which may accumulate 
high concentrations of contaminants present in soils. 
The concentration of Cd in the kidneys of the shrew from DWMA approached or exceeded 
values associated with pathological effects as reported in a number of previous studies (Table 12). 
Pb concentrations in this species were lower than values associated with effects in previous 
studies, except the liver concentration approached that of house mice displaying kidney pathology. 
Se concentrations in the liver of the shrew from DWMA (and to a lesser extent those from LFP) 
exceeded concentrations associated with effects in previous studies (Table 12). 
CONCLUSIONS 
Small mammals inhabiting the waterfowl impoundment at DWMA experienced greater 
exposure to Cd, Pb, Se, and possibly Hg (shrews) than those from the reference sites. In some 
cases, Cd and Se concentrations in the tissues of small mammals from DWMA exceeded critical 
concentrations observed in several studies utilizing laboratory mice or rats. The significance of the 
tissue Cd and Se concentrations we observed to the health and productivity of mice and voles 
inhabiting DWMA is unclear, as wild rodents may be less susceptible to the detrimental effects of 
contaminant exposure, when compared with laboratory mice (Sawicka-Kaputsa and Zakrzewska, 
1994). This uncertainty is compounded by a paucity of information on the effects of chronic 
contaminant exposure in wild, small-mammal species, the lack of a clear understanding of 
additive or synergistic effects of simultaneous exposure to several contaminants, and exposure to 
antagonists such as Ca, Fe, P, and Zn which are also present in elevated concentrations in the 
DWMA environment. 
Based on the parameters examined in this study, white-footed mice inhabiting the contaminated 
impoundment at DWMA appeared to be thriving. Adult and fetal mice from DWMA were in 
similar condition to those collected at the other sites. Somatic indices (relative organ weights) 
were consistently, though not statistically significantly, lower at DWMA and LFP, the two sites 
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with elevated soil concentrations of elements of concern. This suggests that some individuals 
may be experiencing sublethal effects of contaminant exposure. However, further investigation, 
e.g., histopathological examination of major organs, is needed to determine if changes consistent 
with contaminant exposure are present. 
Important differences in the abundance, demographics, litter size, or reproductive activity that 
would suggest that this population is being negatively impacted from increased exposure to 
contaminants were not detected. A more definitive examination of population-level effects would 
require a more detailed study of population levels, productivity, and survival. However, a 
comparison of abundance, demographics, and reproduction in a sample of specimens is useful in 
providing a course-level examination of critical population parameters. Patterns of change in a 
suite of such parameters could signal disruption of normal population-level processes and the 
need for further investigation. 
Habitat quality may have a dramatic impact on productivity and population size. Locations 
which were judged to be similar to the DePue site in habitat characteristics were selected as 
reference sites. While this doesn't preclude differences in habitat quality that are not readily 
apparent, we assumed that a pattern of differences in abundance, demographics, reproductive 
parameters, and health indices of P. leucopus between our reference sites and DWMA would 
suggest population-level impacts at that site. -However, without replicates of the contaminated site 
(clearly impossible), longer-term, detailed demographic studies, and finer analyses of habitat 
quality, such differences would primarily generate a hypothesis for further testing. 
Short-tailed shrews inhabiting DWMA had greater exposure to the elements of concern than 
did rodents, which is consistent with their insectivorous diet (Talmage and Walton 1991). 
However, voles had greater exposure to Cd, Pb, and Se than white-footed mice, suggesting that 
voles inhabiting DWMA were exposed to these through consumption of 1) contaminant-laden 
dust on the surface of vegetation, and/or 2) plants which accumulate these elements in vegetative 
tissues. White-footed mice had greater exposure to Hg than voles, indicating food chain transfer 
of this element. Small mammals inhabiting the neighboring floodplain (LFP) had greater 
exposure to Cd, and possibly Pb and Se (kidneys of voles and shrews), than those from the two 
more-distant reference sites. With the possible exception of Pb, these elements were not known to 
be elevated in soils at LFP. Thus these contaminants may have been transported from DWMA via 
wind-blown dust and/or movement of prey species (e.g. grasshoppers). 
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Figure 1. Map showing small mammal sampling locations at the contaminated impoundment and 
three reference sites. LFP= lake floodplain, HL= Hormel Landing, DON= Donnelley State Fish 
and Wildlife Area. 
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Table 1. Mean concentrations (mg/kg) of selected elements in surface/near surfacea soils of the waterfowl impoundment at DePue Wildlife Management Area 
(DWMA) and three reference sites. 
Element
 
Site n Barium Cadmium Copper Lead Mercury Selenium Zinc Reference
 
DWMA	 9 - 83 204 558 - - 3,873 Cahill et aI. 1995 
3 384 42 121 175 <3.0 - 2,750 IWMRC, unpubl. data 
12 881 95 268 814 6.6 8.5 6,453 Talbott et aI. , in prep 
LFpb	 2 168 3.1 47 49 0.2 0.9 475 This study 
2 - <2.4 58 85 - - 297 Cahill et al 1995 
3 141 4.1 109 67 <3.0 - 255 IWMRC , unpubl. data 
9 235 8.1 57 71 0.3 0.9 540 Talbott et aI., in prep 
HLc	 2 189 2.2 25 24 0.05 0.7d 591 This study 
N 
w 
DONe 2 185 3.4 45 56 0.14 <0.8 232 This study 
a s15 cm depth 
bLake Floodplain 
cHormel Landing 
dnot detectable in one sample 
eDonnelley Fish and Wildlife Area 
Table 2. Results of small mammal trapping conducted September 24 - 27, 1998, and September 27 - 30, 
1999, at the waterfowl impoundment at DePue Wildlife Management Area (DWMA) and three reference 
sites. Data are number of individuals. 
Species 
Peromyscus Microtus Mus Blarina Tamius 
Year Site leucopus pennsylvanicus/ochrogaster musculus brevicauda striatus 
1998 DWMA 42 3 0 0 0 
LFpa 40 4 0 0 0 
HLb 44 0 0 0 
DONc 33 8 7 0 0 
1999 DWMA 36 8 0 0 
LFpa 84 5 0 2 2 
HLb 43 0 0 0 0 
DONc 43 18 0 0 
aLake Floodplain 
bHormel Landing 
cDonnelley Fish and Wildlife Area 
24 
Table 3. Age structure of Peromyscus leucopus specimens collected on September 24-27, 1998, and 
September 27-30, 1999,at the waterfowl impoundment at DePue Wildlife Management Area (DWMA) and 
three reference sites. Data are number of individuals and (percentage of total) for each site. 
Site 
Year Relative Age DWMA LFpa RLb DONc 
1998 Juvenile 1 4 13 2 . 
(2.4) (10.0) (29.5) (6.1) 
Subadult 10 7 9 5 
(23.8) (17.5) (20.5) (15.2) 
Adult 31 29 22 26 
(73.8) (72.5) (50.0) (78.8) 
P (Ro: Proportion of mice by age class equal across sites)< 0.01 
1999 Juvenile 8 7 8 6 
(22.2) (8.3) (16.3) (16.2) 
Subadult 5 21 6 4 
(13.9) (25.0) (12.2) (10.8) 
Adult 23 56 29 33 
(63.9) (66.7) (71.4) (73.0) 
P (Ro: Proportion of mice by age class equal across sites)= 0.18 
aLake Floodplain 
bRormel Landing 
cDonnelley Fish and Wildlife Area 
25 
Table 4~ Testes weight (g) as a percentage ofbody weight (g) in adult male Peromyscus leucopus collected 
on September 24 - 27, 1998, and September 27 - 30,1999, at the waterfowl impoundment at DePue 
Wildlife Management Area (DWMA) and three reference sites. Like superscripts denote means not 
different (P > 0.05) by Bonferroni multiple comparisons test. 
Site n mean SD minimum maximum 
DWMA 36 2.72A 0.94 0.73 5.71 
LFpa 60 2.61 A 0.74 0.50 4.22 
HLb 27 3.02A 0.97 0.22 4.90 
DONc 33 2.05 1.23 0.05 4.00 
P (Ho: Mean relative testes weight equal across sites)<O.OOl 
aLake Floodplain 
bHormel Landing 
cDonnelley Fish and Wildlife Area 
26 
Table 5. Physical condition indices (bodyweight {g}/totallength {nun}) in adult Peromyscus leucopus 
collected on September 24 - 27, 1998, and September 27 - 30, 1999, at the waterfowl impoundment at 
DePue Wildlife Management Area (DWMA) and three reference sites. Like superscripts denote means not 
different (P> 0.05) by Bonferroni multiple comparisons tests. 
Year Sex Site n mean SD minimum maximum 
1998 M DWMA 22 0.129A 0.014 0.099 0.162 
LFpa 20 0.139A 0.016 0.104 0.173 
HLb 7 0.123A, B 0.017 0.092 0.142 
DONc 11 0.115B 0.090 0.103 0.131 
P (Ho: Mean condition indices equal across sites)< 0.001 
1999 M DWMA 14 0.136 0.014 0.117 0.163 
LFpa 40 0.148 0.017 0.114 0.188 
HLb 20 0.149 0.021 0.111 0.184 
DONc 18 0.146 0.014 0.122 0.179 
P (Ho: Mean condition indices equal across sites)= 0.13 
1998 F DWMA 9 0.139 0.032 0.105 0.204 
LFpa 9 0.141 0.017 0.120 0.173 
HLb 14 0.147 0.021 0.105 0.185 
DONc 12 0.134 0.022 0.107 0.174 
P (Ro: Mean condition indices equal across sites)= 0.55 
1999 F DWMA 8 0.135 0.016 0.110 0.158 
LFpa 15 0.152 0.023 0.115 0.191 
HLb 15 0.153 0.016 0.122 0.184 
DONc 9 0.146 0.065 0.138 0.157 
P (Ho: Mean condition indices equal across sites)= 0.12 
aLake Floodplain 
bHormel Landing 
cDonnelley Fish and Wildlife Area 
27 
Table 6. Embryo weight (g) as a function of crown - rump length in Peromyscus leucopus captured on 
September 24 - 27, 1998, and September 27 - 30, 1999, at the waterfowl impoundment at DePue Wildlife 
Management Area (DWMA) and three reference sites. 
Site n mean SD minimum maximum 
DWMA 14 0.38 0.55 0.02 2.03 
25 0.49 0.53 0.02 1.67 
15 0.41 0.35 0.04 1.20 
13 0.44 0.43 0.07 1.30 
P (Ho: Mean embryo weight/crown-rump length equal across sites)= 0.56 
aLake Floodplain 
bHormel Landing 
cDonnelley Fish and Wildlife Area 
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Table 7. Kidneya and liverbweight (g) expressed as a percentage of body weight in Peromyscus leucopus 
collected on September 24 - 27, 1998, and September 27 - 30, 1999, at DePue Wildlife Management Area 
and three reference sites. Like superscripts denote means not different (P > 0.05) by Bonferroni multiple 
comparisons test. 
Organ Gender Site n mean SD minimum maximum 
Kidneys M DWMA 44 1.77A 0.47 1.00 3.33 
LFpc 76 1.69A 0.42 0.80 3.05 
HLd 34 2.63 0.81 1.18 3.75 
DONe 37 2.25A 0.80 0.81 4.00 
P (Ho: Mean relative kidney weight in males equal across sites)< 0.001 
F DWMA 23 1.96A 0.56 1.16 2.92 
LFpc 35 1.85A 0.61 0.72 3.39 
HLd 31 2.44B 1.16 1.36 4.06 
DONe 27 2.25A,B 1.02 1.23 4.06 
P (Ho: Mean relative kidney weight in females equal across sites)< 0.001 
Liver M DWMA 45 4.93A 0.27 2.90 7.09 
LFpc 82 5.11 A,B 0.39 1.67 7.78 
HLd 41 6.71 0.49 3.72 10.96 
DONe 39 5.80B 0.41 3.05 9.00 
P (Ho: Means relative kidney weight equal across sites)< 0.001 
F DWMA 26 5.75A 0.54 3.41 7.78 
LFpc 39 5.82A 0.60 3.00 10.11 
HLd 41 7.44B 0.75 3.78 10.93 
DONe 31 6.58A,B 0.53 4.09 9.74 
P (Ho: Mean relative kidney weight equal across sites )< 0.001 
alncludes all age classes 
b1ncludes subadults and adults 
cLake Floodplain 
dHormel Landing 
eDonnelley Fish and Wildlife Area 
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Table 8. Concentrations of selected elements in kidney and liver samplesa from Peromyscus leucopus collected on September 24 - 27, 1998, and September 27-30, 1999, at the waterfowl 
impoundment at DePue Wildlife Management Area (DWMA) and three reference sites. Ba was only measured in 1998, and Hg in 1999, samples. Data are mean ± SD and (min-max) in 
Jlg/g. Like superscripts denote means not different (P> 0.05) by Bonferroni multiple comparisons test. 
Tissue 
Kidney 
Site 
DWMA 
Ba 
0.08±0.04 
(0.05-0.15) 
(n= 10) 
Cd 
1.81±1.55 
(0.45-7.40) 
(n= 20) 
Cu 
5. 13±0.46A 
(4.1-6.1 ) 
(n= 20) 
Element 
Hg 
NA* 
Pb 
0.49±0.59 
(0.11-2.80) 
(n= 20) 
Se 
1.98±0.78 
(1.2-4.2) 
(n= 20) 
Zn 
23.1±2.32 
(18.0-27.0) 
(n= 20) 
LFpb 0.05±0.01 
(0.05-0.08) 
(n= 10) 
1.02±1.00A 
(0.11-3.30) 
(n= 20) 
5.37±1.00A,B 
(4.2-8.7) 
(n= 20) 
NA* 0.15±0.05A 
(0.05-0.27) 
(n= 20) 
1.34±0.29A 
(1.1-4.2) 
(n= 20) 
21.8±3.84 
(17.0-34.0) 
(n= 20) 
HLc 0.09±0.06 
(0.05-0.19) 
(n= 10) 
0.23±0.25 
(0.04-1.10) 
(n= 20) 
5.10±0.83A 
(4.0-8.0) 
(n= 20) 
NA* 0.06±0.05 
(0.02-0.24) 
(n= 20) 
1.32±0.30A 
(0.8-1.9) 
(n= 20) 
21.3±3.43 
(14.0-31.0) 
(n= 20) 
w 
0 
DONd 0.12±0.15 
(0.05-0.51 ) 
(n= 10) 
0.39±0.21A 
(0.13-0.96) 
(n= 20) 
5.86±1.14B 
(4.8-10.0) 
(n= 20) 
NA* 0.11±0.06A 
(0.04-0.29) 
(n= 20) 
1.39±0.23A 
(1.1-1.7) 
(n= 20) 
21.9±2.32 
(19.0-28.0) 
(n=20) 
P (Ho: Mean conCa equal across sites) 0.40 < 0.001 0.015 < 0.001 < 0.001 0.27 
Liver DWMA 0.06±0.05 
(0.01-0.19) 
(n= 10) 
1.08±0.88 
(0.25-3.10) 
(n= 20) 
7.31±1.17A 
(4.6-9.4) 
(n= 20) 
0.011±0.006 
(0.002-0.023) 
(n= 10) 
0.15±0.82 
(0.03-0.85) 
(n= 20) 
2.27±1.49 
(1.0-7.7) 
(n= 20) 
33.5±4.60A 
(25.0-43.0) 
(n= 20) 
LFpb 0.06±0.05 
(0.01-0.19) 
(n= 10) 
0.33±0.24 
(0.03-0.83) 
(n= 20) 
6.91±1.33A,B 
(4.8-9.6) 
(n= 20) 
0.010±0.007 
(0.001-0.021 ) 
(n= 10) 
0.04±0.04A 
(0.01-0.16) 
(n= 20) 
1.20±0.24A 
(0.6-1.4) 
(n= 20) 
31.5±6.45A,B 
(22.0-47.0) 
(n= 20) 
HLc 0.03±0.03 
(0.01-0.10) 
(n= 10) 
0.06±0.67 
(0.01-0.31 ) 
(n= 20) 
5.44±1.23c 
(4.0-9.3) 
(n= 20) 
0.008±0.006 
(0.001-0.020) 
(n= 10) 
0.02±0.02A 
(0.01-0.07) 
(n= 20) 
0.85±0.20B 
(0.39-1.2) 
(n= 20) 
26.8±5.4B 
(17.0-39.0) 
(n= 20) 
DONd 0.05±0.03 
(0.01-0. 11) 
(n= 10) 
0.13±0.06 
(0.06-0.30) 
(n= 20) 
6.26±2.12B,c 
(4.3-12.0) 
(n= 20) 
0.015±0.009 
(0.003-0.035) 
(n= 10) 
0.03±0.03A 
(0.01-0.11) 
(n= 20) 
1.09±0.29A,B 
(0.55-1.6) 
(n= 20) 
28.0±5.65B 
(22.0-41.0) 
(n= 20) 
P (Ho: Mean conc. equal across sites) 0.32 <0.001 <0.001 0.18 <0.001 <0.001 <0.001 
aprimarily adults, plus few older subadults; see text for explanation; bLake Floodplain; cHormel Landing; dDonnelley Fish and Wildlife Area; * Not analyzed 
Table 9. Concentrations of selected elements in kidney and liver samples from voles (Microtus spp.) collected on September 27 - 30, 1999, at DePue Wildlife 
Management Area (DWMA) and three reference sites. Data are mean ± SD and (min-max) in J.lg/g. 
Tissue Site n Cd Cu Hg 
Element 
Pb Se Zn 
Kidney DWMA 5 8.50±6.93 
(2.80-20.0) 
3.90±0.41 
(3.5-4.5) 
* 
-­
-­
1.59±3.25 
(0.09-7.40) 
4.20±6.04 
(1.30-15.0) 
19.±1.30 
(17.0-24.0) 
LFpa 4 2.95±1.81 
(1.10-5.40) 
5.53± 2.66 
(3.2-9.2) 
-­
-­
0.17±0.07 
(0.09-0.24) 
1.63± 1.21 
(0.7-3.4) 
25.5±3.3 
(18.0-34.0) 
DONb 5 0.41±0.20 
(0.15-0.54) 
4.66±0.44 
(4.0-5.3) 
-­
-­
0.07±0.03 
(0.05-0.10) 
1.01±0.19 
(0.8-1.2) 
18.8±1.07 
(16.0-22.0) 
Liver DWMA 5 4.34±6.01 4.24±0.18 0.003±0.002 0.04±0.04 3.78±5.72 29.0±3.16 
(0.68-15.0) (4.0-4.5) (0.001-0.006) (0.01-0.11 ) (0.92-14.0) (26.0-34.0) 
w 
~ LFpa 4	 1.54±2.45 4.40± 0.70 0.008±0.005 0.02±0.01 0.64±0.11 25.8±5.19 
(0.15-5.20) (3.8-5.4) (0.001-0.011) (0.01-0.03) (0.52-0.76) (21.0-32.0) 
DONb 5 0.11±0.04 3.89±0.3.14 0.005±0.005 0.02±0.02 0.85±0.19 22.4±4.78 
(0.06-0.14) (3.2-4.4) (0.001-0.011) (0.01-0.06) (0.69-1.10) (18.0-26.0) 
aLake Floodplain; DDonnelley Fish and Wildlife Area; 'kidneys were not analyzed for Hg 
Table 10. Concentrations of selected elements in kidney and liver samples from short-tailed shrews (Blarina brevicauda) collected on September 27 - 30,1999, at the 
waterfowl impoundment at DePue Wildlife Management Area (DWMA) and three reference sites. Data are observed concentrations in ~g/g. 
Element 
Tissue 
Kidney 
Site 
DWMA 
LFpa 
DONb 
n 
2 
Cd 
34.0 
7.0/12.0 
0.13 
Cu 
11.0 
7.4/10.0 
6.90 
Hg 
NA* 
NA* 
NA* 
Pb 
0.29 
0.17/0.27 
0.11 
Se 
4.8 
3.5/3.8 
1.70 
Zn 
38.0 
36.0 
21.0 
Liver DWMA 43.0 9.90 0.34 0.69 22.0 38.0 
LFpa 
DONb 
2 3.6/9.5 
0.03 
4.5/5.8 
6.90 
0.058/0.061 
0.02 
0.01/0.06 
0.01 
3.80/4.70 
1.20 
20.0/25.0 
22.0 
aLake Floodplain 
~	 bDonnelley Fish and Wildlife Area 
*Not Analyzed 
Table 11. Mean (minimum-maximum, if provided) concentrations (/-lg/g, mg/kg, or ~m wet weight as reported unless otherwise indicated~of cadmium, lead, and selenium in 
kidney and liver tissue of white-footed mIce from the waterfowl imhoundment at De ue Wildlife Management Area (DWMA) and as repo ed for similar species in previous 
studies. Soil element concentrations flg/g, mg/kg, or ppm dry weig t as reported. 
Element Tissue Location x (min-max) Species Soil Source 
Cadmium Kidney -DWMA 1998 
DWMA 1999 
Downwind zinc smelter 
Smelter wastes 
Fluorspar tailings 
Mining wastes- wetland 
Biosolids area 
Inactive Cu mine 
1.60 (0.48-3.30) 
2.02 (0.45-7.40) 
20 
5.142 
0.51 2 
1.1 
1.452 
0.11 2 
Peromyscusleucopus 
P.leucopus 
P.leucopus 
Apodemus sylvaticus 
A. sylvaticus 
P. maniculatus 
Peromyscus spp. 
P. maniculatus 
42-95 1 
42-95 1 
710 
46 
NA3 
78 
NA3 
5 
This study 
This study 
Beyer and Storm 1995 
Johnson et al. 1978 
Cooke et al. 1990 
Pascoe et al. 1994 
Nickelson and West 1996 
Laurinolli and Bendell-
Young, 1996 
Liver DWMA 1998 
DWMA 1999 
Downwind zinc smelter 
Smelter wastes 
Fluorspar tailings 
Mining wastes- wetland 
Inactive Cu mine 
0.98 (0.27-2.60) 
1.21 (0.25-3.10) 
5.4 
1.252 
0.22 
0.3 
0.11 2 
P.leucopus 
P.leucopus 
P.leucopus 
Apodemus sylvaticus 
A. sylvaticus 
P. maniculatus 
P. maniculatus 
42-95 1 
42-95 1 
710 
46 
NA3 
78 
5 
This study 
This study 
Beyer and Storm 1995 
Johnson et al. 1978 
Cooke et al. 1990 
Pascoe et al. 1994 
Laurinolli and Bendell-
Young 1996 
Lead Kidney	 DWMA 1998 0.36 (0.11-0.76) P.leucopus 175-8141 This study 
w DWMA 1999 0.62 (0.12-2.80) P.leucopus	 175-8141 This study w 
Downwind zinc smelter 4.4 P.leucopus 2,700 Beyer and Storm 1995 
Pb reclamation plant 23.7 (1.70-131.3) P. maniculatus 1804 Kissberth et al. 1984 
Smelter wastes 11.22 Apodemus sylvaticus 4,030 Johnson et al. 1978 
Fluorspar tailings 6.432 A. sylvaticus NA3 Cooke et al. 1990 
Shooting range (0.18-11.48)2 A. sylvaticus . 360-70,000 Ma 1989 
Liver	 DWMA 1998 0.17 ~0.04-o.22) P.leucopus 175-8141 This study 
DWMA 1999 0.19 0.03-0.85) P.leucopus 175-8141 This study 
Downwind zinc smelter 8.4 P.leucopus 2,700 Beyer and Storm 1995 
Pb reclamation plant 6.94 (0.46-42.8) P. maniculatus 1804 Kissberth et al. 1984 
Smelter wastes 3.71 Apodemus sylvaticus 4,030 Johnson et al. 1978 
Fluorspar tailings 3.66 A. sylvaticus NA3 Cooke et al. 1990 
Shooting range (0.30-4.04)2 A. sylvaticus 360-70,000 Ma 1989 
Sludge ponds 0.83 (0.002-4.95) P.leucopus NA3 Tull-Singleton and McBee 
1994 
Selenium Liver	 DWMA 5.90 (2.91-22.8)5 P.leucopus 8.5 This study 
Contam. wetland 9.33 (ND6-41)7 Mus musculus NA3 Clark et ai. 1987 
Contam. wetland 23.0 (6.5-73) Reithrodontomys megalotis NA3 Clark et aI., 1987 
Contam. salt marsh 2.877 P. maniculatus NA3 Clark et ai. 1992 
1 range reported means~ 2&ublished as dry weight~ converted to wet weight (kidneys 2.283, liver 2.967)~ 3 not available~ 4 largest observed concentration~ 5 Geometric mean, our values converted to dry wt. (kidneys 
2.283, liver 2.967)~ 6 not etectable~ 7 Grand mean, (min-max all samples)~ geometric mean dry wt. 
Table 12. Mean (maximum) or range of concentrations (~g/g or ppm wet weight as reported unless otherwise indicated) of cadmium, lead, and selenium in kidney and liver 
tissue of white-footed mice (Peromyscus leucopus), meadow/prairie voles (Microtus spp.), and a short-tailed shrew from the waterfowl impoundment at DePue Wildlife 
Management Area (DWMA) and exposure effects concentrations as reported in other studies. Values for white-footed mice from this study are the largest mean and maximum 
concentrations observed in either 1998 or 1999. 
Element Tissue Concentration Soecies Effect(s) Source 
Cadmium Kidney 
w 
~ 
Lead Kidney 
Liver 
2.02 (7.40) 
8.50 (20.0) 
(34.0)
 
100
 
48 1
 
6-8
 
2.78 
>10.0 
13.0-15.0 
50.1-188.72 
12.51 
91.4 
48.2-1142
 
13
 
10.22 
33.1 1
 
0.62 (2.80) 
1.59 (7.40) 
(0.29) 
10.952 
4.382 
10.952 
2.233 
24.52 
12.81/27.5 
8.1 1
 
0.19 (0.85) 
0.04 (0.11) 
(0.69) 
1.692 
3.372 
< 3.372 
0.773 
2.2-4.7 
P.leucopus 
Microtus spp 
Blarina brevicauda 
small mammals 
lab rats 
lab mice 
lab mice 
various 
various 
Sorex araneus 
lab rats 
lab rats 
lab mice 
lab rats 
Mus musculus 
lab rats 
P.leucopus 
Microtus spp. 
Blarina brevicauda 
Clethrionomys glareolus 
small mammals 
mammals 
P. maniculatus 
Mus musculus 
lab rats 
lab rats 
P.leucopus 
Microtus spp. 
Blarina brevicauda 
mammals 
mammals 
wild vertebrates 
P. maniculatus 
P.leucopus 
N/A*
 
N/A*
 
N/A*
 
various
 
renal pathology
 
renal pathology
 
immunosuppression
 
exposure
 
probable hazard
 
renal pathology
 
anemia
 
slight renal pathology
 
renal pathology
 
renal pathology
 
genetic damage (lead conc. elevated also)
 
reduced fetal growth and hematocrit;
 
Changes Cu and Zn metabolism 
N/A* 
N/A* 
N/A* 
changes in relative organ weights 
no effects concentration 
acute poisoning 
renal pathology 
genetic damage (cadmium elevated also) 
changes relative organ weights, renal 
pathology, reduced Hb conc. (27.5) 
kidney pathology 
N/A* 
N/A* 
N/A* 
no effects concentration 
acute poisoning 
background 
renal pathology 
reduced ALAD activity 
This study
 
This study
 
This study
 
Cook and Johnson 1996
 
Itokawa et al. 1978
 
Aughey et al. 1984
 
Koller et al. 1975
 
Eisler 1985
 
Eisler, 1985
 
Hunter et al. 1984
 
Sakata et ai. 1988
 
Sugawara and Sugawara
 
1974
 
Nicholson et ai. 1983
 
Chmielnicka et ai. 1989
 
Ieradi et ai. 1996
 
Baranski 1987
 
This study
 
This study
 
This study
 
Ma,1989
 
Ma 1996
 
Ma,1996
 
Kissberth et ai. 1984
 
Ieradi et ai. 1996
 
Bankowska and Hine 1985
 
Goyer et aI., 1970
 
This study
 
This study
 
This study
 
Ma 1996
 
Ma 1996
 
Paine 1995
 
Kissberth et al. 1984
 
Beyer et al. 1985
 
Table 12. Continued. 
Element Tissue Concentration Species Effect(s)	 Source 
Lead Liver	 7.352 
3.121/3.22 
(78.5)4 
Selenium Liver	 2.27 (7.7) 
3.78 (14.0) 
22.0 
2.01 (1.0-2.9) 
6.401,2 (6.07-6.74) 
6 
8 
3.25 
M musculus 
lab rats 
S. araneus 
P.leucopus 
Microtus spp. 
B. brevicauda 
lab rats 
lab rats 
lab rats 
lab rats 
lab rats 
genetic damage (cadmium elevated also) 
changes relative organ weights, renal 
pathology; reduced Hb conc. (@ 3.22) 
increased developmental instability 
N/A*
 
N/A*
 
N/A*
 
reduced growth rate, increased mortality
 
reduced growth rate, reduced liver weight as
 
percentage body weight 
increased liver enzyme activities, reduced ability 
to detoxify (methylate) Se 
increased liver enzyme activities 
reduced body and heart weights, heart and liver 
histopathology, changes in cardiac function 
Ieradi et al. 1996 
Bankowska and Hine 1985 
Pankakoski et al., 1994 
This study 
This study 
This study 
Schroeder and Mitchner 1971 
Halverson et al. 1962 
Hasegawa et al. 1996 
Hasegawa et al. 1994 
Turan et al. 1999 
*Not applicable; 1 lowest mean associated with effect; 2 published as dry weight; converted to wet weight, (kidneys 2.283, liver 2.967); 3 smallest concentration associated 
with effect; 4 published maximum value; 5converted from nmollg. 
w 
Ul 
Table 13. Mean (minimum-maximum, if provided) or range of concentrations (~g/g, mg/kg, or ppm wet weight as reported unless otherwise indicated) of cadmium, lead, and 
selenium in kidney and liver tissue of meadow/prairie voles (Microtus spp.) collected at the waterfowl impoundment at DePue Wildlife Management Area (DWMA) during 
September 1999, and as reported for similar species in previous studies. Soil element concentrations J.lg/g, mg/kg, or ppm dry weight as reported. . 
Element Tissue	 l,ocation X (min-max) Species Soil Source 
Cadmium Kidney	 DWMA 8.50 (2.80-20.0) Microtus spp. 42-95 1 This study 
Smelter (0.40-7.01)2 M agrestis 5.5 Ma et al. 1991 
Fluorspar tailings 0.782 M alf:estis NA3 Cooke et al. 1990 
Pb/Zn Mine 7.35/3.902 C. g areolus/M agestis 11.2 Johnson et al. 1978 
Mining wastes- wetland 0.7 M pennsylvanicus 78 Pascoe et al. 1994 
Industrial Region 1.39-12.982,4 Clethrionomys glareolus NA3 Sawicka-Kapusta et al. 1990 
Liver	 DWMA 4.34 (0.68-15.0) Microtus spp. 42-95 1 This study 
Smelter (0.03-3.30)2 M agrestis 5.5 Ma et al. 1991 
Industrial Region 0.32-4.322,4 Clethrionomys glareolus NA3 Sawicka-Kapusta et al. 1990 
Fluorspar tailmgs 0.242 M ar:,estis NA3 Cooke et al. 1990 
Pb/Zn Mine 1.72/0.362 C. g areolus/M agestis 11.2 Johnson et al. 1978 
Mining wastes- wetland 0.5 M pennsylvanicus 78 Pascoe et al. 1994 
Lead Kidney	 DWMA 1.59 (0.09-7.40) Microtus spp. 175-8141 This study 
Smelter (1.31-6.13)2 M ~estis 130 Ma et al. 1991 
Shooting range (2.32-9.99)2 Clet rionomys glareolus 360-70,000 Ma 1989 
Industrial Region 4.16-15.462,4 C. glare0 Ius NA3 Sawicka-Kafusta et al. 1990 
Pb/Zn Mine 7.35/3.902 C. glareolus/M agrestis 14,010 Johnson et a . 1978 
w Fluorspar tailings 9.862	 M agrestis . NA3 Cooke et al. 1990 0\ 
Liver	 DWMA 0.04 (0.01-0.11) Microtus spp. 175-8141 This study 
Smelter M a,estis 130 Ma et al. 1991 ~0.17-1.38~~Shooting range 0.98-9.20 Clet rionomys glareolus 360-70,000 Ma 1989 
Industrial Region 1.25-3.882,4 C. glare0 Ius NA3 Sawicka-Kapusta et al. 1990 
Fluorspar tailmgs 4.31 M alf:estis NA3 Cooke et al. 1990 
Pb/Zn mine 2.23/0.46 C. g areolus/M agestis 14,010 Johnson et al. 1978 
Selenium Liver	 DWMA 5.82 (2.73-41.5)5 Microtus spp. 8.5 This study
 
Contam. wetlands 34.0 (ND76-250)7 M californicus NA3 Clark et aI., 1987
 
Contam. salt marsh 1.057 M californicus NA3 Clark et al. 1992
 
1 range reported means, 2 published as dry weight; converted to wet weight (kidneys 2.283, liver 2.967); 3 Not available; 4 range of means observed multiple sites; 5 Geometric 
mean, our values converted to dry wt. (kidneys 2.283, liver 2.967); 6 Not detectable; 7 grand mean, (min-max all samples); geometric mean dry wt. 
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